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Abstract 
Multiple-skin facades are popular in the construction of fully-glazed buildings since they have the potential to reduce 
the heating and cooling load of the building. To make optimal use of multiple-skin facades, their performance needs 
to be calculated during the design phase. 
The study of the flow in such a façade is the purpose of this study. 
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1. Introduction 
 
A multiple-skin facade can be defined as follows [8, Section 1.2.1]: "A multiple-skin facade is an 
envelope construction, which consists of two transparentsurfaces separated by a cavity, thatis used as an 
air channel." 
Multiple-skin facades are popular (see [1] for a list) in the construction of fully-glazed buildings, since 
they have the potential to reduce the heating and cooling load of the building. To make optimal use of 
multiple-skin façades, their performance needs to be calculated during the design phase. 
The type of facade studied here is known as an airflow window, where the facade is partitioned in 
blocks the size of a window, and each block is mechanically ventilated. It is common for facades like this 
to have a solar shading device embedded in the airflow cavity. The shading device is placed inside the 
cavity, so it does not affect the appearance of the building too much. The other option would be to place 
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the shading device inside the building, but this is less efficient. When a shading device is placed inside the 
cavity, airflow distribution over the two sides of the device becomes an important parameter in the heat 
transfer problem [8]. 
The study of this distribution is the subject of this paper. A series of isothermal CFD simulations is 
conducted, and from those simulations parameters for a theoretical model are derived. 
 
 
 
2. Model 
In this section, some experimental Particle Imaging Velocimetry (PIV) results for an airflow window 
with venetian blinds are compared to CFD results. 
 
Figure 1 shows the cross-section of the facade under consideration, without the venetian blinds. The 
venetian blind consists of slats that are 2 cm apart and run along the center line of the facade from the 
bottom to the top. The width of the slats is 2.5cm and in the numerical model they are considered to be 1 
mm thick. The slat angle is defined as the angle between the horizontal and the slat, with a positive sign 
for clockwise rotation.   
 
In a surveyed environment in the Mechanics laboratories of the Royal Military Academy in Brussels, a 
one storeyhigh active facade is tested under isothermal conditions. The facade has an inlet at the bottom 
and an outlet via an extraction fan at the top (seeFigure 1). A mechanically ventilated facade is chosen, 
because these are generally morecontrollable than natural variants.  
 
The model used in the numerical simulation of the facade is the one from the segregated solver in Fluent 
CFD package [5, Section24.3]. The basis for this model is the system of Navier-StokesEquations, which 
express the conservation of mass, momentum and energy inthe system. These equations are then solved 
on a finite-volume grid using asecond-order upwind scheme  [5, Section 24.2]. The turbulence model 
used in the simulations is the realisable k-epsilon model. 
 
 
 
Nomenclature 
 
 
A, B, n King’s law coefficients  
CTA Constant Temperature Anemometry 
E measured voltage 
Tw  wire temperature of the probe 
௔ܶ ambient temperature 
௥ܶ௘௙  reference temperature 
௙ܶೌ  film T with respect to the ambient T 
௙ܶబ  film T with respect to a reference T 
Nu Nusselt number 
Pr Prandtl number 
D probe wire diameter 
R CTA bridge resistances 
Θ temperature difference 
U velocity 
U_corr corrected velocity 
U_act actual (known imposed) velocity 
m temperature-loading factor 
α_ref hot-wire probe specific parameter 
OHR Over Heat Ratio 
r recovery factor 
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The model used in the numerical simulation of the facade is the 
one fromthe segregated solver in the Fluent CFD package [5, 
Section24.3]. The basis for this model is the system of Navier-
StokesEquations, which express the conservation of mass, 
momentum and energy inthe system. These equations are then 
solved on a finite-volume grid using asecond-order upwind 
scheme  [5, Section 24.2]. The turbulence model used in the 
simulations is the realisable k-\epsilon$ model. 
 
2.1 Grid 
The grid for the numerical calculation is non-uniform: the flow 
between the slats of the blind has a great influence on the 
distribution of the flow between the two cavities, so it needs a 
sufficient number of cells.  
 
 
Figure 2 shows a detail of the grid at a height of 15 cm in the 
facade. When a coarser grid with a uniform grid size of 5mm is 
used, the airflow in the left cavity is severlyunderpredicted. 
 
 
 
2.2 Boundary conditions 
At the boundaries, a pressure inlet and outlet are used. The 
pressure at the outlet is fixed at -2.8668 Pa, with a backflow 
turbulence intensity of 15% and a hydraulic diameter of 30cm. 
The pressure difference was chosen to match the experimental 
flow rate of 195 m3/h. At the inlet, tubulence intensity is set at 
20% and the hydraulic diameter is 2cm. It should be noted that 
during various numerical experiments,  the inlet turbulence 
intensity had no significant effect on the airflow distribution 
between the cavities, with turbulence intensity varying between 
5% and 40%. The parameter is difficult to determine: [9] and 
[10]  mention values in the range of 30% for room airflow, [7] 
measures 4.4% at the inlet of a ventilated room experiment. 
 
 
 
 
 
 
 
 
 
Fig 1 Cross-section for the experimental facade. All dimensions are in cm. 
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Fig 2 Cells at a height of around 15 cm in the facade. The cells in the lower part of the façade are all 2x2 mm, those in the higher 
part are 5x5 mm. Between and around the slats the grid is1x1mm, with a triangular transition grid to move to the coarser parts of the 
grid. The slat angleshown is 60°. 
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Fig 3 Profiles for the Y-velocity at a height of 144cm, showing the difference between a coarse 5x5mm grid and the fine grid 
 
3 Turbulence model 
In the case where the slat angle is 60° many turbulence models available in Fluent were tested. Figure 3 
retains only those results that show the closest match to the experimental data. The Reynolds Stress 
Model (RSM) appears to give the best results, a conclusion that was also made in [4] . As explained in 
[2], the difference between the k-epsilon model and the RSM model is most likely due to anisotropy of 
the Reynolds stresses. 
As shown in [3], the V2F model may provide even better results, but it was not available for testing. For 
the k-epsilon model adaptation of the C2H results in a closer match with the experiment, but anadaptation 
of model coefficients is impossible to generalise to other problems, so it will not be considered further. 
 
4 Results 
Figures 4, 5 and 6 show the results for various turbulence models. In the 60° case, the simulation 
qualitatively matches the experiment. In the other cases, the deviation between experiment and simulation 
is much greater. This may be due to differences in the mass flow rate, as shown in table1. 
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Fig .4 Average Y-velocity profiles for the experiment at a slat angle of 0°. 
 
 
Fig. 5 Y-velocity profiles for the experiment at a slat angle of 30°. 
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Fig. 6 Y-velocity profiles for the experiment at a slat angle of 60°. 
 
Slat angle PIV k-epsilon RSM 
0° -33.4 191.3 197.5 
30° 108.0 188.7 169.9 
60° 169.0 189.1 194.9 
Table 1 Flow rates (m3/h) for the different configurations, calculated by integrating the velocity profiles. 
 
5. Conclusions 
During the experiments, a pitot tube in the outlet duct measured a constant flow rate of 195 m3/h. It is 
clear from table1 that this is in contradiction with the flow rate obtained by integrating the velocity 
profiles obtained using PIV. The simulations do show the expected flow rate, with the RSM model 
obtaining the closest match. This discrepancy in flow rate is a very likely cause for the large deviation 
seen in figures4 to 6. 
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